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Abstract. The level of insulin after an overnight fast (basal) in 37 obese and
nonobese male subjects with normal and abnormal carbohydrate tolerance was
directly related to the increase in insulin concentration during a 3 hr 100 g oral
glucose tolerance test. Obesity, but not diabetes, was associated with an ele-
vation of this basal insulin level. Thus obesity predicted with the magni-
tude of the insulin response to glucose ingestion. When the individual in-
sulin values were expressed as per cent change from the basal level, this effect
of obesity was excluded. The insulin levels of all subjects with normal carbo-
hydrate tolerance promptly rose 5-7-fold, and reached peak values 1 hr after
oral glucose. In contrast, the diabetic response (as per cent increase) was
markedly reduced during the 1st hr, and maximal (but still subnormal) insu-
lin levels were not attained until 2 hr. In all subjects the insulin response
(quantitated by calculation of the area circumscribed by a plot of the per cent
change in insulin with time) showed a significant inverse correlation with
the glucose response. Thus increasing degrees of carbohydrate intolerance
were associated with decreasing insulin responses. Elevated levels of insulin,
in both the basal state and in response to glucose, were related to obesity.

Introduction

When the first measurements of serum immuno-
reactive insulin levels were made during oral glu-
cose tolerance tests (1), mild diabetics were ob-

*Received for publication 17 March 1967 and in re-

vised form 9 June 1967.
Supported in part by U. S. Public Health Service

Grant AM-06670. A portion of this work was conducted
through the Clinical Research Center facility of the Uni-
versity of Washington (NIH Grant FR-37). Presented
in part at the 20th Annual Meeting of the Western So-
ciety for Clinical Research, Carmel, Calif., 26 January
1967. (1967. Clin. Res. 15: 137).
t Assistant in Medicine, University of Washington

School of Medicine; Postdoctoral Research Fellow, Na-
tional Institutes of Health.

§ Associate Professor of Medicine, University of Wash-
ington School of Medicine; Chief, Metabolic Disease
Service, VA Hospital, Seattle; Career Development
Awardee, 5K3 AM-28, 167, National Institutes of Health.

11 Assistant Professor of Medicine, University of Wash-
ington School of Medicine; Clinical Investigator, VA
Hospital, Seattle.

served to achieve higher insulin levels than sub-
jects with normal glucose tolerance. Subsequently
it was found that this exaggerated insulin response
to glucose was not solely a feature of mild diabetes,
but also occurred in obese nondiabetic subjects
(2). The observation that weight reduction re-
stored normal carbohydrate tolerance, and abol-
ished the excessive insulin response to glucose in

one obese, mildly diabetic subject, suggested that
obesity may contribute to the high insulin levels
found in mild diabetes (3).

Since most adult-onset diabetics are obese, the
effect of obesity on insulin regulatory mechanisms
must be carefully defined before insulin responses
in diabetes can be properly evaluated. The pres-
ent study was undertaken to separate the effects of
obesity and diabetes on serum insulin responses
to glucose.
Address requests for reprints to Dr. John Bagdade,

Veterans Administration Hospital, 4435 Beacon Avenue
South, Seattle, Wash. 98108.
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BASAL INSULIN LEVELS AND THE INSULIN RESPONSE TO GLUCOSE

Methods
37 (17 obese and 20 nonobese) ambulatory, apparently

healthy male volunteers, aged 40 to 60, were studied.
Of these, 34 subjects were hospitalized on a metabolic
ward for 3 days before the study, and fed a weight-main-
taining diet which contained 300 g of carbohydrate daily.
The additional three subjects were hospital employees
who received the same dietary preparation, but were not
hospitalized. Seven subjects had previous evidence of
carbohydrate intolerance and were receiving oral hypo-
glycemic treatment which was discontinued at least 1 wk
before hospitalization for study. No subject had ever
received insulin treatment. All subj ects who weighed
in excess of 25% of ideal body weight by Metropolitan
Life Insurance Company tables were classified as obese;
subjects who were within 15% of ideal body weight as
nonobese.
After 3 days of dietary preparation in the hospital, 3-hr

oral glucose tolerance tests (100 g glucose solution) were

performed on all subjects at bed rest after an overnight
fast Two, and in most cases three blood specimens were

obtained in the basal state via an indwelling needle be-
fore glucose ingestion. Additional blood samples were

obtained at 15, 30, 45, 60, 90, 120, 150, and 180 min after
glucose ingestion. Blood glucose was measured by glu-
cose oxidase (4) and serum immunoreactive insulin
(IRI) determined in duplicate by a modification of the
double antibody technique of Morgan and Lazarow (5).
In a representative assay, determination of the precision
of replicate analysis (6) for 40 random unknowns yielded
a coefficient of variation of 9.1%. At the conclusion of
this study, one fasting serum sample from each subject
was reanalyzed for insulin. The mean of these fasting
samples was unchanged in the second assay. The coeffi-
cient of variation of these fasting insulin pairs determined
in separate assays was 18%.
The mean area circumscribed by the blood glucose

time curve was determined in duplicate by planimetry

90

80
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Immuno- 60
reactive
insulin 5o

microunits
per ml

40

30

20

10.

(glucose response), expressed in arbitrary units, and
used as an index of glucose tolerance. This method quan-
titates the normal phenomenon of multiple blood glucose
peaks, and therefore more closely reflects the total re-
sponse to glucose ingestion (7). The insulin responses
closely paralleled the changes in blood glucose, includ-
ing the presence of more than one peak, and were also
measured by planimetry and expressed in arbitrary units.
To separate clearly normal from abnormal carbohydrate
tolerance, we arbitrarily employed the mean glucose re-
sponse of 10 normal nonobese subjects with no family
history of diabetes as an index of normal glucose toler-
ance for all 37 subjects. Glucose responses that fell
within one standard deviation of the mean response of
the normal group were considered normal (n = 14),
those between one and two standard deviations above
the mean normal were considered "border-line" (n = 10),
and those greater than two standard deviations above
mean normal were considered diabetic (n = 13). The
borderline subjects were excluded when the normal and
diabetic insulin responses were separated and compared.
However, all linear correlations include the responses of
the entire group of 37 subjects. All data were punched
on standard IBM cards and linear correlations determined
by the use of BMD biomedical computer programs and
the 7094 IBM computer (8). Areas were also deter-
mined by computer calculation (PDP 8) and agreed
closely with those measured by planimetry.

Results
Fasting insulin levels of obese subjects (36 uU

± 17.6; mean + SD) were significantly higher
(P < 0.001) than those of the thin subjects (15
MAU + 4.8) (Table I). In the entire group of sub-
jects, fasting IRI correlated directly with ideal
body weight (Fig. 1, r = 0.72, P < 0.001), but
not with glucose intolerance (Table II, r = 0.25,

r a + 0.72
p < 0.001

-20 -10 0 +10 .20 +3& +40 +50 +60 +70 +80o90 +100
Per cent ideal body weight

FIG. 1. CORRELATION OF FASTING SERUM IMMUNOREACTIVE INSULIN
AND OBESITY EXPRESSED AS PER CENT OF IDEAL BODY WEIGHT.
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TABLE II

Correlation between insulin and glucose responses*

Insulin responses
Body Fasting
weight Fasting blood Glucose 180 min 60 min 180 min 60 min
% ideal IRI glucose response per cent per cent absolute absolute

IBody weight, % ideal 0.72 NS NS NS NS 0.62 0.53
Fasting IRI 0.72 NS NS NS NS 0.79 0.65
Fasting blood glucose NS NS 0.86 -0.45 -0.55 NS NS
Glucose response NS NS 0.86 -0.40 -0.58 NS NS
180 min IRI response NS NS NS -0.40 0.61 0.51 0.60

(per cent)
60 min IRI response NS NS -0.55 -0.58 0.61 NS 0.68

(per cent)
180 min IRI response 0.62 0.79 NS NS 0.51 NS 0.85

(absolute)
60 min IRI response 0.53 0.65 NS NS 0.60 0.68 0.85

(absolute)

IRI, immunoreactive insulin.
* r values are indicated where P < 0.05; NS = P > 0.05.

P > 0.5). Thus the degree of obesity, and not
carbohydrate tolerance, was associated with the
insulin level maintained after an overnight fast.

Insulin responses could not be evaluated with-
out consideration of these fasting levels, since
there was a highly significant linear correlation be-

tween fasting insulin and insulin response to glu-
cose in both nondiabetic and diabetic subjects
(Fig. 2). This indicates a tendency for subjects
with higher fasting levels to demonstrate greater
insulin responses to glucose. Of all measured
variables, only obesity was associated with ele-

0

110- Nondiabetics Diabetics °

1000-

800
£ ~~~~~~~~0

700

600-
A ~~~~~0

500-~~~~~~~~~~

At
.300- A 02429
Al y=-26.4+2.9X /8.5+16.0x

2 A. r =+0.91 * r +0.89
p-CO.001 P.O.001

1 i 0 0

10 20 30 40 50 1 0 20 30 40 50 60 70 80
Fasting immunoreoctive insulin juU/m!

FIG. 2. RELATION BETWEEN FASTING INSULIN LEVELS AND THE ABSOLUTE AREA
INCREMENT IN PLASMA INSULIN (TOTAL AREA MINUS FASTING AREA) IN THIN
(A, *) AND OBESE (,A, 0) NONDIABETIC AND DIABETIC SUBJECTS DURING 3-HR
ORAL (100 G) GLUCOSE TOLERANQ& TESTS,
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FIG. 3. THE MEAN ABSOLUTE INSULIN RESPONSES IN THIN AND

OBESE NONDIABETIC AND DIABETIC SUBJECTS DURING 3-HR (100 G) ORAL

GLUCOSE TOLERANCE TESTS.
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FIG. 4. INSULIN RESPONSES OF THIN AND OBESE NONDIABETIC
AND DIABETIC SUBJECTS DURING 3-HR (100 G) ORAL GLUCOSE TOL-

ERANCE TESTS EXPRESSED AS MEAN PER CENT INCREMENTS ABOVE

FASTING LEVELS.
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vated fasting insulin levels, and the insulin re-
sponse to glucose was increased in both groups of
obese subjects (Fig. 3).

This effect of obesity on insulin levels had to be
eliminated to determine the relation between car-
bohydrate intolerance and insulin response. Two
methods were tested. Responses were expressed
as either a per cent change or an absolute incre-
ment above the fasting level. Only expression of
the response as per cent changes (r = - 0.04, P >
1.0) and not absolute increments (r = 0.58, P <
0.001) eliminated the correlation between obesity
and insulin response.
When the insulin responses of all subjects were

expressed in this way, thin and obese subjects
with normal carbohydrate tolerance sustained a
5-7-fold elevation of circulating IRI levels within
60 min after glucose ingestion (Fig. 4). In con-
trast, diabetics did not achieve an early insulin
peak, but reached maximum insulin levels at 2 hr.
The insulin responses of the two nondiabetic
groups were not significantly different from each
other, and therefore the responses were averaged
(Fig. 5). Similarly, the IRI responses of the two
diabetic groups were not different, and also were
averaged. When the nondiabetic and diabetic re-
sponses were grouped in this way, insulin re-
sponses were significantly decreased in diabetics
at 15, 30, 45 (P < 0.001), 60 (P < 0.01), and 90
min (P < 0.05), but did not differ after 90 min.
The area circumscribed by the 180 min integrated
per cent insulin curve also was reduced in the dia-
betic subjects (P < 0.05). Thus the total insulin
response to glucose was reduced in diabetes, and

60

5C

4C
Per cent

3C

2C

IC

)°. A.~A ects (14)

to

/t Diobetic" subjects (13)

0.
15 30 45 60 90 120 150 180

Time, minutes

FIG. 5. INSULIN RESPONSES OF NONDIABETIC AND DIA-
BETIC SUBJECTS EXPRESSED AS PER CENT CHANGES FROM
FASTING LEVELS DURING 3-HR (100 G) ORAL GLUCOSE TOL-
ERANCE TESTS.

this impairment was most marked during the ini-
tial 90 min after glucose ingestion.

This early impairment of insulin response to
glucose in diabetes is emphasized by the highly
significant inverse correlation of the glucose area
and the 60 min integrated per cent insulin response
in the entire group of 37 subjects (Fig. 6 A, r =
- 0.63, P < 0.001). However, a significant in-
verse correlation (r = - 0.46, P < 0.01) was still
present when the glucose and 180 min integrated
per cent insulin responses were compared (Fig.
6 B). The assumption of a linear correlation was
not necessary in this analysis, since the nonpara-
metric rank-difference correlation test also showed
a significant inverse correlation (r = - 0.41, P <
0.02). Thus, progressively severe glucose intol-
erance appeared to be associated with decreasing
insulin responses to glucose.

Discussion
The elevation of basal (fasting) insulin levels

found in obese subjects is in accord with other
recent observations (9-13). Since no prior at-
tempts appear to have been made to correlate the
fasting insulin level with the insulin response, the
possibility that the fasting level might predict
insulin responses has not been previously con-
sidered. Results in the present study show that
insulin responses clearly are related to the fasting
level.
The significant correlation of the degree of

obesity and fasting insulin levels is extremely im-
portant, since some studies appear to indicate a
relation between fasting insulin levels and diabetes
(11, 12). However, when subjects with a wide
range of glucose tolerance and body weight are
examined, as in this study, only obesity and not
carbohydrate intolerance is associated with ele-
vated fasting insulin levels.
Although absolute insulin levels are probably

important to peripheral tissues, they appear to be
a poor index of the adequacy of an insulin re-
sponse to a glucose stimulus. The relative in-
crement above fasting levels and not the absolute
level of circulating insulin appears to distin-
guish insulin responses in subjects with normal
carbohydrate tolerance from insulin responses in
subjects with abnormal carbohydrate tolerance.
Thus when alterations in serum insulin levels are
expressed as relative changes from the basal level,
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FIG. 6 A AND B. RELATION BETWEEN GLUCOSE TOLERANCE AND THE (A) 60 AND
THE (B) 180 MIN INTEGRATED PER CENT INSULIN RESPONSE IN OBESE AND THIN

NONDIABETIC AND DIABETIC SUBJECTS (n = 37).

both obese and thin nondiabetic subjects respond
similarly.

Adiposity could theoretically influence both fast-
ing insulin levels and the insulin levels in re-

sponse to glucose by increasing tissue insulin
requirements. In accord with this hypothesis, in-
sulin sensitivity of human adipose tissue is di-
minished in obesity, both in the intact forearm
preparation (9) and in isolated adipose cells (14)..
The observation that weight reduction results in

both decreased insulin responses to glucose (3)
and a decreased insulin requirement in diabetics
further suggests that an increase in adipose tis-
sue mass may impose a greater demand for insu-
lin. If basal insulin levels influence the insulin
response to glucose, then a diabetic insulin re-

sponse may be greater than normal if this diabetic
group includes subjects with higher basal insulin
levels. The comparison of responses of groups of
subjects with differing basal insulin levels may

.
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explain the findings of elevated insulin levels in
diabetes in several recent reports.
For example, a study of insulin levels in obesity

(12) was interpreted to show that obese diabetics
have greater insulin responses to glucose than
obese nondiabetic subjects. Since the diabetic
group had a higher mean fasting insulin level, the
groups may not have been strictly comparable.

In another study (11) in which insulin levels
in obese nondiabetic and diabetic subjects with
identical mean fasting insulin levels were com-
pared, the insulin response to glucose was reduced
in the diabetic group. In contrast, in this same
study the insulin response of the thin diabetic
group appeared to be greater than normal. Since
the mean fasting insulin level of the thin diabetic
group was nearly twice that of the normal group,
results of the present study would predict a
greater insulin response.

In this study, obesity was the only factor which
correlated with the fasting insulin level. It is
clear, however, that per cent ideal body weight,
which was employed to quantitate obesity, is a poor
index of relative adiposity. Other factors, as yet
unidentified, probably also influence basal insulin.
In the present study two subjects with identical
relative weights do not always have identical fast-
ing insulin levels. Only when the group is ex-
amined as a whole does the relation between
adiposity and basal insulin become evident. How-
ever a variation in insulin response related to dif-
ferences in basal insulin, regardless of the cause,
may be eliminated by normalization of the re-
sponse.

Additional evidence has accumulated which sup-
ports the concept of impairment of insulin re-
sponses to a variety of stimuli in all diabetics, ir-
respective of weight. Insulin responses in mild
diabetics have been found to be subnormal after
the administration of both intravenous (15) and
oral glucose (16, 17), a mixture of amino acids
or arginine (17), and glucagon (18).
Although Yalow and Berson (19, 20) and

Seltzer et al. (13) also noted a deficient early in-
sulin response and late insulin peak in diabetes,
some groups of mild diabetics in their series had
greater than normal mean insulin responses to glu-
cose independent of obesity. It is difficult to
reconcile these results with the present observa-
tions. Differences in dietary preparation and pa-

tient selection may contribute to this apparent
discrepancy.

If obesity is characterized by hyperinsulinism
and carbohydrate intolerance by an insufficient in-
sulin response, why do impaired carbohydrate tol-
erance and obesity so frequently coexist? In-
creased tissue demands for insulin in obesity ap-
pear to require a high output state of insulin re-
lease. If insulin secretory capacity is limited, the
added stress on beta-cell reserve imposed by
obesity may result in abnormal carbohydrate tol-
erance, even in the presence of elevated insulin
levels.
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